Engineer Research and Development Center

Mississippi Valley Division

m : N
- R
A \/
< ( ;
)

. .USArmy Corps
_of Engineers @‘vi”"

‘ '\\w\ )

Compari son of
Assembl ages
Revetted and N
I n the Lower

RiI veBBYeAar Per s

MRG&P Report No. 29 AJanuary 2020

MRG&P

Mississippi River
Geomorphology &
Potamology Program







Mississippi River Geomorphology and MRG&P Report Nd29
Potamology Program January 2020

Comparison of Benthic Fish Assemblages along
Revetted and Natural Banks in the Lower
Mississippi River: A 30 -Year Perspective

K. Jack Killgore and Steven G. George

EnvironmentalLaboratory

US Army Engineer Research and Development Center
3909 Halls Ferry Road

Vicksburg, MS 391806199

Final report

Approved for public release; distribution is unlimited.

Prepared for USArmy Corps of Engineers
Mississippi Valley Division
Vicksburg, MS 39180

Under WAT 20193478



MRG&P Report No29 ii

Abstract

Benthic fish assemblna@®d€lawineomeg ddmeaer ed
di fferent bank types in(itMRsLowehoMpBsBei ssi
Articul ated Concrete Mattress (ACM) along

banks along main channel, and natur al bank
Species nrnischnghesw in secondary channel s (
by ACM ( 20anmsd emnca teuwsr)al banks (16 species).
of dominant species (i .e., FI at head Catfi s
and Buffalo) differed smeoaseo naablulnyd.a nBl uael oCagt
natural banks and secondary channels durin

Catfish abundance peaked during the summer
but were also abundaohdal Bngs AGMt gerabr um

abundance was highesitn alhoen gwinnatteurr aaln db aAnCkMs i
spring. Juvenile Buffalo utilized secondar
indicating the i1 mportanwenbérihgsti 8hbst at
Comparison of the native benthic fish asse
2011167 reveakhéddmifhemences in species CcoOmpoSs
abundance indecatshgbibdbngy MRhdshesi| Aance
exception was the pre&vdlvenc eanadfwBAgihemdGar p
wertevo t ot itnherseehi gher than any native speci
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1 Introduction

Background

The Lower MisGidmRmeppdeRsvewrthin the confin
mainline | evee system for almost 1,000 mil
creating two major types of riverbank habi
meander | oop typicallwnwghasekpglh30edegreess
al most vertical), erosional banks consi sti
(Bakerl19%®8 aThe convex side is depositional
velocities forming | arge, primarily sand p
bet weeandner | oops as the thalweg crosses t|
of bank habitatsopresesent along its

The erosional nature of concave banks | ead
could impact minimum commercial navigation
nearby. | €kheresfore, the Mississippi River a
Project authorized the construction of alm
stabilize(BewegmambanlkBsan&ll.i n2&16@)re cl eared o
and woody debris, gradedrtesa,| owepr apl ogep
ear the top bank, and Articul ated Concret
he top bank to the edge of the(fcthhannel up
Bakerl%édrdli.culoaceMatté ress is formed by I
oncbebwksh corrosi on nrteosausdietpst o ywe d e s

rom a vessel kinnoknvm iggt sa tvhees sMealt WBni quel y de ¢
for thigFpyngpMadsd Si nking Unit) . Each Dbl ock
inckhkesvi de, atnldiad®kdi mralcdrd | n5i tf ti sl ong by 4 ft
wi de (Pokr.efHoe iZ0®In2)al grooves are formed i
bl ock to increase the surface area for mac
(Baker et al . 1988) .
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Figure 1. Mat Sinking Unit operating on the Mississippi Riversat of ACM grooves

The conversion of natural steep banks to A
consequences. The aquatic invertebrate fau
mayfl i ®@entiagen,j aanvliotrttiogeursad i nh esepniéenunsi n g

caddi ofrli imagyidiryo p sy c)h e Boarkreird ¥@hBea.lef f ect

on fish foraging is unknown. I n addition,
debris from bank clearing and stabilizatio

operations i n-1t9M0e) se a rrleyd utcce dmii dpslterxeaang habi t
and substrates for macroinvertebrate col on
debris on habitat quality and aquatic biod
the |Iiterature (Wondzell and Bisson 2003).

ACM does provide a supplemeoseael bggrd subst
gragsebwning riverine fishes. Pallid Sturge
sonic telemetry spawning over revetted ban
(DeLonay et al. 2016). ACMewmeénag to buckl e
depositional areas t hratgeinredrteyadaenmcshdigsht rat e
habitats, and forms crevices used as veloc
and macroinvertebrates. Periphyton has bee
shall owell maietry habitats, which based on pr
grazed smahl|l bynvertebrates, fishes, and ot
contributes considerably to the productivi
or humadleAzi m .2009)
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Objectives
Physical, chemical, and biological surveys
and navtour al baMRsuriinng htethe summer and f all

(Baker @©88Was Tthhes first ecological study
the LMR. The present study was initiated t
assembl ages among r i Vveydamet phearbiiodat(sl 85 r

and 210/)6. The same coftedtamgtgeaho¢pnet) @
used I n both si1uludstsdy Talefst@ Odlibameitdeerd 4

hoopnets to target | arger benthic fish and
of Asi athy pCoapbpimi& hstph.y)s i n the coll ections. I
the A016tudy sampled secondary channel roi

v
i mportance to the LMR Conse#daatdi on Pl an (K
Bi ol ogi cal Opi Wi oas (WS WHa Ri0tlat ssrfear t he t |
species in the LMR: Pallid Sturgeon, Fat P
Least Tern.

Approach

The approach i s p2Mesteadesd. in Chapter
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2 Methods

Sampling with hoopnets occurred along the
froRmver5#M2l o 547 (Figure 2). The ACM and
were positioned along the concave side of
reach of I sland 82 chute was sampled as th
three sitestwer ¢ otsianmpdeesde asbeaaémmmlyed r om
2016 to November 2017.

River miles
=== Dike
Revetment (ACM)
2017 Hoopnet Locations
ACM
Natural bank
@ Natural bank 182 2nd Ch.
NAIP 2012 Imagery

©

P UOBAP0. 0 06005 650007
T ROORoCD
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Ho
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t h
vV e
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st
t h

Ph
t h
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wa
fr
an
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s u
i n
(mi

opnets were constructed of fiberglass ho
Il ngi @/rka6 ded polypropylene. Two sizes of
rgeting a wide rafge amket ke psteemi sgeci es:
ops, 10 mM.quides §f dilamet er, sepwembpg, 13

| onge,s h3The for mer wats.aulf gigdB8 BtyheBaker e
iginal hoopnet study of LMR bank habitat

commercial fisherman in the LMR. Al h o
e bank to minimize confounding influence
| oci ty, aonm sdhiosrteanclenbfari t ed nets were dep
ternoons and retrieved the floll owing mor
andar d )dewiakt itaqme of 20 N 0.9 hours. Fis
e field, total | ength measured, and rele
ysi calmelmashiirteantent s were taken at each hoo
e fluvial environment associated with be
S recorded wouht aedt de;ptuadamfaicredevrat er vel oc
s recor MadsweiBtir nawatkel,o0 Mode&il s2dMOe
om shore wasBunelmleadrdeedr wiatnhgef i,nder (Prolé
d each hoopnet uwsa sn gg ehoerhedfne@aernntiend GPS MAP
st (datumwaWes aupal ity mpmaasmeeer esn wehe

rfwaccen a YSdnda opdeSrSt t hp oaenter of each s
c | didsesdo | v e dmiolxlyiggerna njs, ppeH, Iciotnedduct i vi ty
cr osipeemre ncse n)t,i nmeatteerr t empam G twuuwrebi( Ci ty

(Nephel omet biUhi)tty
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3 Data Analyses

Rel ative abundance [CPH]Ewahs pceeangumaoinggd ef f or t

the three riverbaanhnkhotgpeset aolvleeei 8ns i n
compawietdh t hosel@®r o@P2Bb 1li6s defined as numbe
individual s per species or species guild c

Di f f esriezret hoopeneatnsalwezed separately because
entering the nwetrdeameindentenomomesh size and
di ameAbeurndance dartaotwetrreatie f dweneg h t

highly abundant | axakwhmmigd reen tsepresbciceosu,n t
dummyari ablwas( nadld)jed to each sample to math
or sparsity wi(Ghbodséhlk dadpLfoabeélkl 2002
esembl anot maanskor med swa<cierse atbaach dlaync e s
omputi ACuurBriay simil arity i agecesmpari €amch
(Clarke and. G&rfleayenzC®Is5)in community compos
sites weornehreéeessetnebdt ance matfraict ousi(nfg xee do red f
=habittygpee)r mut ati onal multivariate analysis
(PERMANOVA) perf dmnviE&Rsd f u vieemrgs,iPORRI MER

e, QUEST Resedhcebss tLiendatt)es, t hroaugh per mut at
PseuRostati stic anal ogotuastatrsd nt daes swrtii vad reidat €

O = =

pvalue (Clarke et al. 2014). The test stat.i
the significance value amdnmi tdei thwree dif
per centeargeesc al SUMRE®R®W cutoff for | ow contri

on CPUE values to dectpetrrmibnuet ewvhe chi smiplearesy
pattern depicted among graosupasel (li .aes. ,t htoyspei f
species that contribute to the dissimilar:i
di scriminating species).

Di fferences in the abundance cofgrionudpisvi dual
among habitats and seasons wearnealaynsailsy zed u
of varANOMAoO (account for repeated measures
structure because fixed stations were samp

sampling of the seame swuintpgs owmi oolfatiensd etprenden
among observations. For this application,

variation due to fixed sampling stations a
t hat may occur among repeated measurements
Sampl e simer twiaf osmead omyi mmenmdp | i ng dates with
fivets usually set in each habitat. Il n s om

hung on debri s. Mi xedgmanedns alf cnl metesd penr
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date, then averaged t hret vfadrueurblyalsermcsed sd d't
Leassguameans in the mixed model were compar
seasons, and the interacti onmme abnest waeeerne t he t
used to account fo+fi nfkeawreas ddadwe tPoioer do
CPUE was | mgdt (baoagpbrosippilize variance and
parametric .assumptions
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4 Results

Physical habitat

Sampling occurred on eight separate dates
November 2017 for the ACM and Natur al Bank
Secondary Channelsisxi neswhsomakmhmepbedary 2017
November 2017. Water quality variables wer
(Table 1). Water temperature ranged from 5
seasons. Dissolved oxygen memnislulriegnreaams wer
per Imgt)&amd( averaged near 9.0 mg/ L. Mean tu
hi gher in the Secondary Channel site, poss
primary productivity, with maximum values
during high river stages. Wiemtaruramd <«@prin
mostly rising hydrograph while summer and
on a mostly falling hydrograph (Figure 3).

Table 1. Summary of water quality variables measured in the Island 82 reacMR, from
December2016 to November 2017.

Water Dissolved

Temperature| Oxygen | Conductivity Turbidity
Habitat N °C mg/L pHS/cm pH NTU
ACM
Mean 155 9.7 443.3 7.7 39
Std Dev 8.7 2.1 43.7 0.5 25.6
Minimum 5.5 6.1 373 6.9 17.4
Maximum 30.5 12.7 512 8.6 107
Natural Bank 8
Mean 15.5 9.8 442.7 1.7 38.7
Std Dev 8.9 2.2 44.8 0.5 26.2
Minimum 55 6.1 373 6.9 14.2
Maximum 30.5 12.7 512 8.6 107
Secondary Channe| 6
Mean 18.2 8.7 427.3 74 49.3
Std Dev 7.8 1.9 38.2 0.2 24.5
Minimum 8.1 6.1 369 6.9 14.2
Maximum 30.8 12.3 490 8.6 98.8
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Figure 3. Hydrograph during the 20147 sampling period. Red dots indicate sampling

events Gource: Rivergages.com)

Mississippi River at Greenville, MS
2016-2017

/N

Stage, Ft

0

lan-17  Feb-17

Dec-16

Mar-17  Apr-17 May-17 Jun-17  Jul-17  Augl17 Sep-17

7 Oct-17 Nov-

A total of 309 hoopnets were deployed and r
compr i sed tofh olo5pon exfst amodo plrlbedtnsAv aThue sme d
the five physical variables characterizing

comparabl e
wersd i ghtly

amond@hwoirted 3 neT almlde s2i)b.mer ged ban
hi gher ajdetphheh -bbdt snrealVeBagkdsi t e

approxi3max emhegyndr st ance t o shore was approxi
on average, and mean surface water velocity
centi meter scm/eat stehceonIec(fondary Channel site

the ACM site. Maximum surface veMocity recc

Table 2. Summary of physical habitat variables measured at each hoopnet in the Island 82
reach, LMR, from December 2016 to November 2017.

Shoreline Bottom Distance

Slope Slope Depth | to Shore | Velocity
Habitat N Degrees Degrees Meters Meters cm/sec
ACM 100
Mean 445 37.8 2.7 3.6 69.2
Std Dev 114 10.9 1.2 24 22
Minimum 15 15 1.0 0.6 14
Maximum 75 75 7.8 15.5 116
Natural Bank 97
Mean 54.4 39 2.9 4.7 57.3
Std Dev 20.4 154 1.4 3.2 21
Minimum 15 5 1.0 0.9 2
Maximum 90 75 8.8 18.9 111
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Shoreline Bottom Distance

Slope Slope Depth to Shore Velocity
Habitat N Degrees Degrees Meters Meters cm/sec
Secondary Channe| 112
Mean 44.7 38.1 3.7 4.2 48.6
Std Dev 27 16.2 1.9 3.8 25
Minimum 0 0 0.9 0.9 3
Maximum 93 60 8.9 22.3 114

Fish community 8 Bank relationships
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Table 3. Number of individuals collected during th2016-17 study by hoopnet size and habitatSpecies are arranged in phylogenetic order.

HN3 HN4
Natural | Secondary Natural Secondary
Fish Taxon ACM Bank Channel ACM Bank Channel Total
Scaphirhynchus platorynchusShovelnose Sturgeon 1 1 2
Polyodon spathula Paddlefish 1 1
Lepisosteusosseus Longnose Gar 2 3 2 7
Lepisosteus platostomus Shortnose Gar 2 2 4
Hiodon alosoides Goldeye 5 2 7
Hiodon tergisus Mooneye 1 1
Anguilla rostratg American Eel 1 1 2 4
Dorosoma cepedianum Gizzard Shad 9 2 4 2 1 18
Ctenopharyngodon idellaGrass Carp 2 2 2 6
Cyprinus carpio Common Carp 2 1 4 7
Hypophthalmichthys molitrix Silver Carp 1 37 38 62 138
Hypophthalmicthys nobilisBighead Carp 2 3 9 14
Carpiodes carpig River Carpsucker 1 2 11 3 5 22
Carpiodes velifer Highfin Carpsucker 1 5 3 9
Cycleptus elongatesBlue Sucker 1 1 2 1 1 6
Ictiobus bubalus Smallmouth Buffalo 4 2 10 19 17 34 86
Ictiobus cyprinellus Bigmouth Buffalo 1 3 7 8 6 25

6ZON Hoday d®OdIN

TT



HN3 HN4
Natural | Secondary Natural Secondary
Fish Taxon ACM Bank Channel ACM Bank Channel Total
Ictiobus niger, Black Buffalo 1 1 4 2 3 11
Ictalurus furcatus Blue Catfish 4 14 14 1 6 2 11
Ictalurus punctatus Channel Catfish 7 4 2 1 3 17
Pylodictis olivaris Flathead Catfish 18 14 32 10 5 1 80
Morone chrysops White Bass 4 1 3 5 8 21
Lepomis megalotis Longear sunfish 1 1
Pomoxisannularis, White Crappie 1 1 2
Sander canadensis Sauger 1 1
Aplodinotus grunniens Freshwater Drum 9 8 14 14 4 10 59
Total Number 73 48 97 127 93 152 590

6ZON Hoday d®OdIN

A
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Nosigni ficant differences in fish community
were detecfttedhaucpmegfFstl( Bddbdop=0.176, 999
per mut altaibolnes ,4) . Average faunal similarity
range@i 2I1%%i |l ver Car puwdaaegtfmbdsatobgpmet s,

foll owed by buffalo (Small mouth, Bigmouth,
Drum. Abundance wafes oantphaera bd pee cainreosng habi t ats
primary differente beoween B8okhhédc#i ons was
species r i chrneessesn caendantdhehipgh abundance (app
20% of the tot al i ndividual s) of Silver Ca

Table4. Pairwise PERMANOVA babitat type of the 4th root transformed resemblance
matrix (BrayCurtis Similarity)of all fish species collectd by 3 and 4ft hoopnets in the IMR.

3 ft Hoopnets
Bank Habitats(Groups) T P (perm) Unigue Permutations
Secondary Channel, ACM 1.6907 0.013 999
Secondary Channel, Natural Bank 1.0443 0.369 999
ACM, Natural Bank 1.2252 0.192 999

4 ft Hoopnets
Secondary Channel, ACM 1.1972 0.231 999
Secondary Channel, Natural Bank 1.2528 0.156 998
ACM, Natural Bank 1.3266 0.147 998

Baeckal cul at ed
val ue, whi ch
dat a. Howewndild atzelr dat a
in al/Jsocanean CPUE was
significant
t abl

Statistical

habiwadesnoitedt he

east

S a mor e

squar eadpaasntse dp mewii daend t
apepnoencyt eomeskewe
resulted in a media
reported in the tabl
di fference (P<0.05

es based on results of

Bl ue catfi sh fab unodogpmeea si wal3s signi ficantly

summer whereas
the interact.i
were detecfttedhaucpmgt <.
significantly
3ft hoopnet s,

channels duringttheownetaer
among habitats

on

t her e
bet ween

hi gher

and onl

and s easofnts

wer e

i n

F I

no significant d
habi daf fameénseason
athead catfish abi

summer at ACM

y dfutr ihnogo psnueminse.r on ACI
Smal | mout h Buf fal o iacbaumtdlayn chei gnhaesr siing nsiefc o n c

No 8ignificant
lhhaoacmumreted f or Bu
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indicating their ubiquitous distribution i
signi ficantmodnigf fseeraesnocness aand habi tats for Fr
i nf8 hoopnets. However, Freshwater Drum we
abundantt ithnoodpnets in the spring at all thr
maxi mum abundance occurred along ACM.

Table 5. MeanCPUEE 1 standard deviation of fish species collected by & hoopnets in the IMR
during 2016 and 2017. Values with letters in the column are significantly (p<0.05) different
among seasons within a habitat based on a mixed model ANOVA.

Flathead Smallmouth Freshwater
Habitat Season N Blue Catfish Catfish Buffalo Drum
ACM Fall 12 0 0 0.07 £0.26 0
Spring 10 0 0.40 £0.70 0.10£0.32 0.40+0.70
Summer 15 0.20+0.41 0.93 + 1.53x 0.20+£0.56 0.33+0.49
Winter 10 0.10£0.32 0 0.10£0.32 0
Natural
Bank Fall 12 0.21 + 0.58 0.07 £0.27 0.07 £0.27 0.21 +0.43
Spring 10 0.10+0.32 0 0 0
Summer 14 0.40+0.74 0.80 + 1.61x 0 0.07 £0.26
Winter 10 0.20+0.42 0.10 £0.32 0.10+0.32 0.40 £ 0.52
Secondary
Channel Fall 12 0.25+0.45 0.25 £0.62 0.08 £0.29 0.08 £0.29
Spring 20 0 0.30 +0.57 0 0.05 +0.22
Summer 20 0.45 +£0.60 1.15 + 1.35% 0 0.40+0.68
Winter 10 0.20+0.42 0 0.90 £ 1.37% 0.40+1.26
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Table 6. MeanCPUEE 1 standard deviation of fish species collected by # hoopnets in the IMR
during 2016 and 2017. Values with letters in the column are significantly (p<0.05) different
among seasons within a habitat based on a mixed model ANOVA.

Habitat Season N Blue Catfish | Flathead Catfish Buffalo Freshwater Drum
ACM Fall 11 0 0.13+0.35 0.47 £0.52 0.20 + 0.41
Spring 10 0 0.10 +£0.32 0.60 + 0.52 0.70 +0.82x
Summer 15 0.07 £ 0.26 0.46 + 0.52x 0.53 +0.74 0.20 + 0.41
Winter 10 0 0.00 0.90 + 0.57 0.10+0.32
Natural
Bank Fall 12 0 0.08 +0.28 0.38 + 0.65 0
Spring 10 0.20 £ 0.42 0.20 + 0.63 0.80 + 1.14 0.30 + 0.67x
Summer 15 0.13+0.52 0.13+0.35 0.47 £0.92 0.07 £ 0.26
Winter 10 0 0 0.70 £ 0.95 0
Secondary
Channel Fall 11 0.09 +0.3 0.09 +0.30 0.82 +0.98 0.18 +0.40
Spring 20 0.05 +0.22 0 1.00 + 1.03 0.30 + 0.57x
Summer 20 0 0 0.45 + 0.69 0.10 +0.31
Winter 10 0 0 0.50 +0.71 0
Bighead Carp wereftcohdepgtnetds ondiyd i exdept
indi vi ual , all Silver Keaopneese Boyheaded.
abundance was significantly higher i
occurred among habitats (Table 7). Bi ghead
during winter and spring. The highest
Silver Carppdungngl ohg ACM. However, abund
habiwamet significantly higher, but
summer an&ispern@arp were mostly absent
compl etely absent during the winter.
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